Objectives: Catatonia, a condition characterized by motor, behavioral, and emotional changes, can occur during critical illness and appear as clinically similar to delirium, yet its management differs from delirium. Traditional criteria for medical catatonia preclude its diagnosis in delirium. Our objective in this investigation was to understand the overlap and relationship between delirium and catatonia in ICU patients and determine diagnostic thresholds for catatonia. Design: Convenience cohort, nested within two ongoing randomized trials. Setting: Single academic medical center in Nashville, TN. Patients: We enrolled 136 critically ill patients on mechanical ventilation and/or vasopressors, randomized to two usual care sedation regimens. Measurements and Main Results: Patients were assessed for delirium and catatonia by independent and masked personnel using Confusion Assessment Method for the ICU and the Bush Francis Catatonia Rating Scale mapped to Diagnostic Statistical Manual 5 criterion A for catatonia. Of 136 patients, 58 patients (43%) had only delirium, four (3%) had only catatonia, 42 (31%) had both, and 32 (24%) had neither. In a logistic regression model, more catatonia signs were associated with greater odds of having delirium. For example, patient assessments with greater than or equal to three Diagnostic Statistical Manual 5 symptoms All authors listed above have contributed substantially to the conception or design of the work, or the acquisition, analysis, or interpretation of data for the work and have participated in drafting the work or revising it critically for important intellectual content. Additionally, each author has given their approval to the final version of the article and has agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.
INTRODUCTION
This clinical vignette represents an unusual twist on an ICU patient in whom the vast majority of the time, it would be the management choice to avoid benzodiazepines. However, in this patient who met the criteria for delirium, there was a co-occurrence of an overwhelmingly positive set of criteria for catatonia. This patient's story represents an excellent example of what sparked us to undertake the current "Delirium and Catatonia in Critically Ill Patients" (DeCat) investigation.
Catatonia, a potentially lethal phenomenon characterized by its prominent motor (e.g., hypo-or hyperactivity), behavioral, and affective abnormalities, was previously thought to represent a subtype of schizophrenia. Catatonia has been described as occurring in mood disorders and medical illnesses, including critical illness (1) (2) (3) (4) . Delirium, a form of acute brain organ dysfunction manifested by inattention and changes in cognition, is a known predictor of excess mortality, length of stay, cost of care, and long-term cognitive impairment (5) (6) (7) (8) (9) (10) (11) (12) . Although delirium is recommended as a part of the standard organ dysfunction monitoring for all ICU patients (13) , catatonia is not routinely screened for in the ICU, although it has been recommended in some circumstances in the pediatric population (14) .
Our understanding of catatonia in the ICU is being hampered by a diagnostic dilemma. The last three editions of the Diagnostic Statistical Manual (DSM), including the current DSM 5, hold that a diagnosis of catatonia due to another medical condition cannot be made exclusively in the presence of delirium (15) (16) (17) , but others doubt this (18, 19) . The DSM 5 does allow the co-occurrence of delirium and catatonia with the use of the diagnosis "Catatonia Associated with Another Mental Disorder (Catatonia Specifier)" and with the "Unspecified Catatonia" diagnosis category, however specifically precludes this co-occurrence in the context of medical illness. Criterion D for "Catatonic Disorder Due to Another Medical Condition" (medical catatonia) disallows this diagnosis exclusively in the presence of delirium. Because of this, there is a virtual absence of data concerning the prevalence of catatonic signs in delirious patients, and many believe that catatonia is under-recognized in the medically ill (1, 2, 20, 21) . Some have even suggested that despite the DSM exclusionary criteria, delirium can coexist with catatonic features in medical illness (22) .
Management options for ICU patients are drastically different for patients with catatonia versus delirium. The treatment of catatonia generally includes avoidance of antipsychotics (due to the potential to worsen catatonia or precipitate a lethal form of catatonia similar to neuroleptic malignant syndrome) and treatment with benzodiazepines (typically lorazepam) and/or electroconvulsive therapy (ECT). Delirium, alternatively, is approached via treatment of the patient's underlying diseases and environmental factors, along with avoidance of benzodiazepines and other psychoactive medications and then often with use of antipsychotics (23) (24) (25) .
The objective of this investigation was to describe the relationship between delirium and catatonia in ICU patients and to determine diagnostic thresholds for catatonia in this population.
MATERIALS AND METHODS
The DeCat investigation is a single-center convenience sample, prospective observational cohort study nested within two ongoing blinded randomized National Institutes of Healthsponsored clinical trials. The parent trials are comprised of critically ill patients on mechanical ventilation and/or vasopressors, randomized to two usual care sedation regimens. The outcomes assessed in this cohort investigation were completely original and distinct from the parent study outcomes. For this DeCat investigation, data were collected between January 2014 and December 2015. The institutional review board at Vanderbilt University Medical Center, Nashville, Tennessee, approved this study. Informed consent was obtained from the patient or surrogate decision-maker.
Catatonia Assessment With Bush Francis Catatonia Rating Scale
Two psychiatrists (J.E.W., R.C.) measured catatonia signs daily in the ICU and general medical ward from the date of enrollment until the point of censoring and remained blinded to the patient's CAM-ICU status. Catatonia assessors were instructed to perform a targeted examination of catatonia and to not ascertain delirium status through use of the CAM-ICU or DSM 5, etc. Catatonia assessments were performed using the BFCRS, a 23-item rating scale obtained through observation, physical evaluation, and interview (26) (27) (28) . The first 14 items of the BFCRS make up the Bush Francis Catatonia Screening Instrument (BFCSI). BFCRS ratings were not provided to the clinical treatment teams as no clear guidelines exist on how to manage comorbid delirium and catatonia. Additional information regarding the BFCRS can be found in the supplemental materials (Supplemental Digital Content 1, http://links. lww.com/CCM/C784).
DSM 5 Criteria for Catatonia
We sought to define catatonia by DSM 5 criterion A of the "Catatonic Disorder Due to Another Medical Condition" diagnosis. To meet a case definition of catatonia, according to the DSM 5 criterion A, greater than or equal to three items need to be present (16) . By applying a previously used algorithm to the BFCRS items we prospectively obtained, we were able to approximate a DSM 5 score (29) . The BFCRS score was not used to assign a case definition of catatonia; it was only used to screen for specific catatonia signs. More information about the BFCRS to DSM 5 algorithm can be found in the supplemental materials (Supplemental Digital Content 2, http://links.lww. com/CCM/C785). We ignored DSM 5 criterion D (cannot diagnose catatonia exclusively in the presence of delirium) as this was one of the primary aims of this investigation.
Delirium and Coma Assessments
We measured delirium twice daily in the ICU and daily thereafter until hospital discharge (or for up to 16 d) using the CAM-ICU. All delirium assessments were performed by trained study personnel who were masked to the catatonia assessment. Prior to assessment with the CAM-ICU, the Richmond Agitation and Sedation Scale (RASS) was performed to assess the patient's level of arousal (30, 31) . If a patient scored a -4 (deep sedation) or -5 (unarousable), the patient was considered to be comatose and the CAM-ICU was not performed and marked as "unable to assess" (UTA). Measurement of delirium status was undertaken regardless of sedatives or analgesics, as the main measure for ascertaining whether delirium could be assessed was the patient's level of arousal via the RASS.
Study Outcomes
We were interested in assessing the proportion of assessments where patients met screening criteria for both delirium and catatonia (according to DSM 5 criterion A) in matched delirium and catatonia assessments. We were also interested in describing if severity of catatonia (as measured by the number of DSM 5 criterion A items present) was associated with greater odds of being delirious. Additionally, we aimed to describe the sensitivity and specificity of various cut-off points of the BFCSI in comparison to the DSM 5 criterion A for catatonia, in the setting of critical illness.
Statistical Analysis
Descriptive statistics were performed as median with interquartile range (IQR) for continuous variables and frequency for categorical variables. We determined the percentage of critically ill patient assessments that concomitantly met screening criteria for both delirium and catatonia based on the CAM-ICU and the DSM 5 criterion A for catatonia. For these analyses, the unit of analysis was the patient's matched delirium and catatonia assessments. We calculated the hours in between the delirium and catatonia assessments, and the distribution of CAM-ICU scores (UTA, negative, or positive). We additionally assessed the distribution of patients and patient assessments in four groups of interest: delirious only, delirious and catatonic, catatonic only, and neither.
To determine if critically ill patient assessments in the highest quartile of DSM 5 catatonia scores had greater odds of delirium than those assessments in the lowest quartile of DSM 5 catatonia scores, we described the frequency of individual DSM 5 signs, stratified by delirium status (CAM-ICU+/-). Additionally, we modeled this using a logistic regression model with delirium as the outcome and the number of DSM 5 catatonia signs present (0-8) as a continuous exposure. The highest number of DSM 5 catatonia items present was 8. Because each patient had multiple assessments, we used a cluster sandwich covariance estimator with the patient ID as a cluster in order to adjust the variance in our model to account for these repeated measures. We allowed the number of catatonia symptoms present to have a nonlinear relationship with delirium status using restricted cubic splines. To estimate the sensitivity and specificity of the BFCSI at various cut-off points, we fit logistic regression models comparing different BFCSI cut-off values to DSM 5 criteria. The 95% CIs were calculated using Wilson's score method (32) . All analyses were performed using statistical software R version 3.3.0 (R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org/).
RESULTS

Patient Population
We enrolled 136 critically ill patients between January 2014 and December 2015. Median age was 59 years (IQR, 52-68). Males made up 62% of our cohort, 88% were white/Caucasian and 43% were admitted with sepsis ( Table 1) . Patients were not significantly cognitively impaired at baseline, with a median Informant Questionnaire on Cognitive Decline in the Elderly of 3 (IQR, 3-3.27) . Median Charlson comorbidity score at enrollment was 2 (IQR, 1-4), and median Sequential Organ Failure Assessment (severity of illness) score was 4.5 (3.3-6.2). Mortality at 30 and 90 days was 29% and 35%, respectively. Median ICU length of stay was 6.5 days (IQR, 4-11.2), and median hospital length of stay was 12 days (6.2-17.8).
Epidemiology of Catatonia and Delirium
Of the 136 patients included for study, 100 (74%) were delirious at one point during the investigation. Throughout their hospital stay, 58 (43%) of patients had delirium at any time without catatonia, 42 (31%) had both delirium and catatonia at some point during their study enrollment, four (3%) had catatonia alone (using DSM 5 criterion A), and 32 (24%) had neither delirium nor catatonia (Fig. 1) .
Predicting CAM-ICU Status by Catatonia Severity
Due to persistent coma (RASS, -4 or -5), eight patients (6%) were unable to be assessed. The median number of matched delirium and catatonia assessments per patient was 3 (IQR, 2-5), with a median of 2.2 hours (IQR, 1.2-3.0) between delirium and catatonia assessments. Among delirious patient assessments (CAM-ICU+), 29% met diagnostic criteria for catatonia according to DSM 5 criterion A (Supplemental Table 1 , Supplemental Digital Content 2, http://links.lww.com/CCM/C785). In our cohort, 49% of patient assessments meeting DSM 5 criterion A for catatonia (≥ 3 of 12 signs) concomitantly met criteria for delirium. Median number of catatonia signs according to the BFCRS (when score > 0) were 5 (IQR, 4-7) in patient assessments with delirium and 2 (IQR, 1-4) in patient assessments without delirium, suggesting that more severe catatonia may be associated with delirium. The most frequently occurring catatonic signs in our delirious patients The Short Informant Questionnaire on Cognitive Decline in the Elderly ranges from 1 to 5, with a score of 3 indicating no change in cognition over the past 10 yr, a score < 3 indicating improvement, and a score > 3 indicating decline in cognition, as compared with 10 yr before. A score of ≥ 3.6 indicates preexisting cognitive impairment. c Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24 (from 0 to 4 for each of six organ systems), with higher scores indicating more severe organ dysfunction. We used a modified SOFA score, which excluded the Glasgow Coma Scale components, since coma was included separately in our models. d Scores on the Charlson comorbidity index range from 0 to 33, with higher scores indicating a greater burden of illness; a score of 1 or 2 is associated with mortality of approximately 25% at 10 yr. No patients had congestive heart failure or cardiomyopathy, drug overdose or withdrawal, hemorrhagic shock, other infectious disease, cirrhosis/hepatic failure, pancreatitis, or neurologic disease as the primary reason for ICU admission. were autonomic abnormalities (96%), immobility/stupor (87%), staring (77%), mutism (60%), and posturing (60%) (Fig. 2) .
In a logistic regression model, a higher number of catatonia signs were strongly associated with a greater odds of having delirium. For example, patient assessments with greater than or equal to three DSM 5 signs had, on average, a 0.54 probability or 27.75 times the odds (IQR, 12.7-60.6) of having delirium compared with patient assessments with 0 DSM 5 signs present (p < 0.001), which had only a 0.04 probability of delirium (according to the CAM-ICU) (Fig. 3) .
Comparison Between BFCSI Cut-Offs and DSM 5 Criteria
Due to concern that the standard BFCSI criteria for catatonia (≥ 2 items) would be sensitive but not specific enough for the diagnosis and management of catatonia in critical illness, we calculated the sensitivity and specificity of various BFCSI cut-offs in comparison to DSM 5 ( Table 2 ). Catatonia as defined by BFCSI greater than or equal to three signs was associated with a 100% sensitivity but only a 65% specificity. Using a BFCSI cut-off of greater than or equal to 4 signs yielded a 91% sensitivity and 91% specificity. Using a cut-off of BFCSI greater than or equal to 5 yielded a sensitivity of 59% and a specificity of 99%.
DISCUSSION
One potential rationale for the DSM not allowing concomitant diagnoses of delirium and catatonia in medical illness could be the real challenge in distinguishing these two entities from one another. . This figure demonstrates that 31% of patients met criteria for both delirium and catatonia during their ICU or hospital stay, which goes against current Diagnostic Statistical Manual (DSM) 5 catatonia nosology precluding diagnosis of catatonia due to another medical condition when delirium is present. †Delirium was diagnosed using Confusion Assessment Method for the ICU. *Catatonia was diagnosed using greater than or equal to three DSM 5 criterion A items. . Note that for each catatonic sign shown on the y-axis, the frequency is higher in delirious than in nondelirious patients, demonstrating overlap of individual catatonic signs and delirium in critically ill patients. ‡Catatonic signs were measured using the Bush Francis Catatonia Rating Scale. †Delirium was diagnosed using CAM-ICU.
However, nearly one-third of our patient assessments met criteria for both delirium and catatonia concomitantly, suggesting that catatonia can be readily recognized in critical illness. Additionally, it could be that the authors of the DSM correctly speculated that medical catatonia is frequently comorbid with delirium. This exclusion by the DSM would be useful if the goal was to identify a group of medically ill catatonic patients who were not delirious; however, we have shown that 91% of patients (n = 42) who were catatonic were also delirious during our study. The prevalence of catatonia in our cohort is higher than reported by Rizos et al (3); however, their study specifically excluded delirious patients, a group which we and others have proposed might be particularly vulnerable to the development of catatonia (3, 18, 19) . Despite increasing recognition and concern for delirium in critical illness, a significant gap in our understanding of the relationship between delirium and catatonia exists. In our study, a majority of patients were delirious at one point (n = 100, 74%), which is consistent with the previous literature on delirium (7, (33) (34) (35) . Patients who had delirium also frequently screened positive for catatonia (31% of patients over course of the study and 29% of all paired assessments). This finding is consistent with the report by Grover et al (2) of 12.7-30.2% prevalence of catatonia in critically ill patients with delirium.
Catatonic signs were more prevalent in the delirious group, in comparison to the nondelirious group. This could be due to signs and symptoms that define the critical illness phenotype, such as autonomic abnormalities and immobility/stupor, or the fact that our tools for diagnosing each could use refinement. Of note, in our cohort, 96% of critically ill patients with delirium and 80% of those without delirium had autonomic abnormalities. In catatonic patients who had autonomic abnormalities, the authors do not believe that the autonomic abnormalities can be explained solely by catatonia, except for the rare circumstance of neuroleptic malignant syndrome or malignant catatonia (without another (35) medical explanation for the presence of the autonomic abnormality).
One of the salient points of this study was to provide practical recommendations, regarding accurate cut-off values on the BFCSI to providers who care for patients with features of both delirium and catatonia, to make clinical diagnoses clear and precise. In this investigation, we showed that a higher than traditional cut-off value on the BFCSI was required to diagnose catatonia with high specificity in critical illness. We recommend a cut-off value of 4 or more items when a widely sensitive and specific screen is desired (e.g., when a patient suspected of having catatonia is evaluated by a psychiatrist). A more stringent cut-off of 5 or more items would be most useful when considering treatment (e.g., benzodiazepines or ECT).
The primary purpose of this investigation was to suggest that catatonia, a condition characterized by its prominent motor and behavioral abnormalities (akin to delirium), can and does exist in critical illness, including in the context of delirium. Our goal was not to suggest an abolition of terms such as "hypoactive" or "hyperactive" delirium nor an abolition of these commonly used descriptors for delirium or mechanisms by which we diagnose delirium. In our experience, patients can and do have hypoactive delirium or hypoactive catatonia in isolation and at times together. How to handle these two overlapping conditions alone and/or together is not answered by this research. Based on our above findings, the authors recommend that in the case of a patient with persistent delirium, catatonia should be considered on the differential in addition to delirium and a BFCRS checked. If such a patient should have greater than or equal to four BFCRS signs present, psychiatry should be consulted early for assistance in the further evaluation and management of the patient with presumed medical catatonia.
The study has some limitations. First, our cohort was nested within two ongoing trials, thus we were blinded to potential interventions that study participants might have received. Both cut-off points. *Clinical interpretation: again using the interquartile ranges of the cohort distributions to paint a clinically interpretable picture of the meaning of these data, a patient with three DSM 5 catatonia signs present had a probability of 0.54 of being delirious compared to a patient with 0 DSM 5 catatonia signs present who had a 0.04 probability of being delirious. This figure uses the reference standard DSM 5 criteria for catatonia. This threshold of greater than or equal to three DSM 5 items for catatonia is distinct from the Bush Francis Catatonia Screening Instrument thresholds shown in Table 2 , which are presenting validation data of a bedside instrument that could be used by nonpsychiatrists in routine ICU care. ‡Delirium was diagnosed using CAM-ICU. †The gray shaded area represents the 95% CI.
trials are testing commonly used medications (antipsychotics vs placebo and dexmedetomidine vs propofol) that would be part of many ICU patients' medications. Importantly, it is a basic tenet of the use of these tools-CAM-ICU, DSM 5, and BFCRS-that clinicians assess for delirium and catatonia without regard to the patients' medications, and then once the assessment is complete, consider medications as a potential etiology of the diagnosis. Thus, this study does not rest on what medication the patient was on, but rather on whether or not the patient was meeting diagnostic criteria for delirium and/or catatonia. Future DeCat publications and those of other investigators will be uniquely poised to answer questions regarding response to various pharmacologic agents in delirious and catatonic patients, particularly as this relates to relevant clinical outcomes.
It was our explicit intent to determine whether critically ill patients (with and without delirium) could meet DSM 5 criterion A for catatonia. In order to achieve this objective, we had to ignore the exclusionary for "Catatonic Disorder Due to Another Medical Condition" (catatonia can not be diagnosed exclusively within the context of delirium). This step was necessary to allow this investigation to determine whether delirium and catatonia could be diagnosed concomitantly. A natural evolution of thought stemming from this investigation would be: "Does the phenomenology of delirium and catatonia overlap to such an extent that they therefore exist on a continuum?" Although our study was not set up to definitively answer this question, our study suggests that they do and serves as a strong hypothesis-generating investigation. DeCat establishes the path by which future research can study shared risk factors and management-related outcomes differences.
The DSM 5 criteria for catatonia is an expert consensus; therefore, its criteria have never been validated in an ICU setting. Due to this limitation, we recognize that there may be some critically ill patients who meet DSM 5 criterion A for catatonia but would not respond to traditional treatments for catatonia. Due to this limitation, the authors urge caution in the application of these data to treatment approaches. Further studies are required to replicate our findings and to guide our treatment approach to the critically ill patient with catatonia. These data also call into question, but do not answer, whether delirious patients with catatonia should be managed differently than patients with delirium or catatonia alone. These questions must be definitively answered with future randomized trials.
This investigation represents the largest and most rigorously conducted study to evaluate the novel relationship between delirium and catatonia in critical illness. In approximately one out of three of patients, delirium and catatonia co-occurred, which suggests a reconsideration of the nosology of catatonia, demonstrating that catatonia due to another medical condition does occur and can be reliably diagnosed in the setting of delirium. The DSM 5 is intended to be a "living document" and therefore new and compelling evidence should spur thoughtful considerations of changes in the diagnostic criteria of catatonia (36) . Furthermore, for the bedside clinician, these data represent a change in thinking since delirium is a commonly considered form of brain dysfunction in critically ill patients, whereas catatonia is rarely ever considered. Moving forward, although ongoing studies are being completed, the ICU practitioner should consider co-occurrence of catatonia in patients with refractory "delirium" and the divergent management options that this diagnosis begets. 
